Abstract. A semilinear elliptic integro-di erential equation subject to homogeneous Neumann boundary conditions for the equilibrium potential in an insulated semiconductor device is considered. A variational formulation gives existence and uniqueness. The limit as the scaled Debye length tends to zero is analyzed. Two di erent cases occur. If the number of free electrons and holes is su ciently high, local charge neutrality prevails throughout the device. Otherwise, depletion regions occur, and the limiting potential is the solution of a free boundary problem.
Introduction
We consider a bounded domain IR d representing a piece of semiconductor. Built into the semiconductor crystal are impurities creating a xed distribution of background charges C(x), x 2 , called the doping pro le.
Besides, the crystal contains N (negatively charged) free electrons and P (positively charged) holes both of which can move freely within . We assume global charge neutrality: Here ' denotes the electrostatic potential, and the parameters q, k, T are, respectively, the elementary charge, the Boltzmann constant, and the temperature of the crystal lattice. This form of the distributions can be derived as equilibrium condition for di erent transport models such as the driftdi usion model (see, e.g. where " denotes the permittivity of the semiconductor. As a model for an insulated device we consider homogeneous Neumann boundary condidtions:
Note that the global neutrality assumption (1.1) is necessary for the solvability of the Neumann problem (1.2), (1.3). For a nondimensionalization the reference length L (say, the diameter of ) and the reference particle densityC (a typical value of the doping pro le) are chosen. Then the potential is scaled by the thermal voltage kT=q and the electron and hole numbers N and P by L 3C . We obtain the dimensionless equations 2 (1.7)
These two conditions are equivalent under the global neutrality assumption (1.1). In section 2, the limit (1.6) is justi ed under the assumption (1.7). This can be seen as an extension of earlier results for devices with contacts 9], 10].
If (1.7) is violated, local neutrality cannot hold throughout . This (more interesting) case is analyzed in section 3. The rescaled potential = 2 ' is introduced, and it is shown that its limit satis es a free boundary problem. The free boundaries separate depletion regions (where n = p = 0 holds) from charge neutral regions (where (1.6) holds). The limiting potential solves a double obstacle problem where the di erence between the obstacles is determined by a side condition. As the full problem, the limiting problem possesses a variational formulation. Depletion regions have already been part of the pioneering theoretical investigations of semiconductor devices by Shockley 17] We are going to carry out the limit ! 0. We proceed in several steps. Note that the assumption (1.7) has not been used yet and that no uniform bound for the potential has been established so far. For this, we use a slightly strengthened version of condition (1. It is easily shown that J 0 is bounded from below, weakly lower semicontinuous, and strictly convex on IK 0 . We shall show that the unique minimizer Only the coincidence set where 0 = sup 0 contributes to the integral, showing that (3.6) is equivalent to (3.4) .
